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ABSTRACT 
Subsurface mapping from well points and 3D seismic interpretation are essential 
techniques used to study and locate structures in petroleum exploration. In this study, 
subsurface structure maps, detailed well log facies analysis, 3D seismic interpretation, 
and attribute analysis were used to map a Mississippian interval and middle 
Pennsylvanian age interval from two oil fields in Ness County, Kansas. The objective of 
this study is to analyze formation properties and facies distribution, map middle 
Pennsylvanian Cherokee channel deposits using seismic data, and to construct a structural 
model highlighting important features effecting oil production. Results show that the 
stratigraphic succession of this Mississippian interval consists of five main lithofacies: a 
siliceous facies, siliceous-calcitic facies, siliceous-dolomitic facies, carbonaceous facies, 
and a “mixed” facies. The siliceous facies is the dominant hydrocarbon reservoir unit in 
the area. Structural analysis and interpretation show two anticlinal structures associated 
with faulting on the western portion of the study area. These faults are known to have 
been caused by deformation associated with the Central Kansas Uplift. Two channels 
were mapped with one channel showing six possible compartments associated with 
differences in reservoir characteristics. The importance of identifying compartments in 
the reservoir is that they are associated with permeability changes and hydrocarbon 
production. These results show that an integrated approach using geologic and seismic 
analysis can be more effective than structural contour maps in mapping subtle structural 
and stratigraphic features in Mid-Continent hydrocarbon reservoirs. 
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INTRODUCTION 
 Hydrocarbons were first discovered in Kansas in the late 19th century and have 
gone through periods of increased and decreased production. The latest spark of 
exploration occurred in 2010 when the Mississippian play emerged, even as production 
from conventional wells declined (Evans and Newell, 2013).  The Oppliger and Harkness 
oil fields were part of this renewed spark in exploration. Since then, larger discoveries 
have been developed leaving companies to target smaller accumulations of hydrocarbons 
(<1 mmbbls). Companies are now focusing on smaller traps such as subtle anticlinal 
structures and river deposits. Studying the geologic controls of these traps as they relate 
to oil production may provide a better means to prospecting in western Kansas. 
Lithological facies interpretation is the first step to studying reservoir rocks. 
Several lithofacies properties have been described in previous studies of the same 
stratigraphic units in western Kansas, eastern Colorado, and northern Oklahoma 
(Montgomery et al., 1998; Rogers, 2001; Watney et al., 2001) using cores to understand 
internal architecture and the diagenetic processes that occurred in the rocks (Rogers, 
2001). Franseen (2006) classified Mississippian facies as 1) Mudstone-Wackestone; 2) 
Sponge Spicule-Rich Wackestone-Packstone; 3) Echinoderm-Rich Wackestone-
Packstone; 4) Dolomitic Siltstones and Shale Facies. These facies suggest that mineral 
compositions predominately consist of carbonates and silica. Middle Pennsylvanian 
Cherokee Group deposits have also been described for the purpose of determining 
paleogeography and changes in the depositional environment on a regional scale. In 
Kansas, the Cherokee Group is mainly sourced from terrestrial or near-shore sediments 
(Harris, 1985). It consists of interbedded sandstone, shales, and lenticular limestones 
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which are recognized as classic cyclothem deposits (Harris, 1985; Doveton and Merriam, 
2004). 
The Mississippian carbonates and the Cherokee Group have a distinct log 
characteristic of low gamma ray values and photo electric (PE) of approximately 2 
barns/e- that transition towards 5 barns/e- as the strata gets older. At the top of the 
Cherokee Group is the Fort Scott Limestone which exhibits a box-car gamma ray curve 
(GR) trend. It is then followed by interbedded limestones and shales, which exhibit a 
serrated trend with GR alternating between clean and dirty values (Rascoe, 1962; Watney 
et al., 2008). If a channel deposit is present at the base of the Cherokee Group, a clean 
GR box car trend will be present before the high GR values of the Pennsylvanian 
conglomerate. Following the Pennsylvanian conglomerate, Mississippian carbonates are 
easily identified by the thick package of clean GR and limestone/dolomite photo electric 
values (PE) (Watney et al., 2008; Raef, 2015).  
Previous studies have used a variety of seismic attributes to map geologic features 
including folds, faults, karst, and fluvial channel geometries (Chopra and Marfurt, 2007; 
Sullivan et al., 2006). Specific attributes, such as spectral decomposition and curvature, 
have been used to identify reservoir distribution and characteristics in the Cherokee 
Group and Mississippian Carbonates (Nissen et al., 2006 and 2009). 
Understanding heterogeneity of the Mississippian Carbonates and the seismic 
resolution within the Cherokee Group is of significant importance for operators exploring 
in western Kansas. To increase the success rate of drilled wells, the objectives of this 
study aim to add to the knowledge regarding the heterogeneity of the Mississippian 
carbonates and applying new seismic attributes when exploring for channel reservoirs in 
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the Cherokee Group. The objective of this study is to analyze formation properties and 
facies distribution of the Cherokee Group and Mississippian Carbonates, map Cherokee 
channel deposits, and construct a structural model of the study area. The facies properties 
and facies distribution were used to determine the reservoir properties. Mapping the 
Cherokee channel deposits using seismic data is analyzed for the purpose of determining 
if geometric attributes are an effective method in distinguishing river deposits from the 
underlying dolomitic chert. The structural model is used to understand the hydrocarbon 
trap geometry and identify the structural features associated with hydrocarbon 
accumulation.  
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Figure 1. Location of the Oppliger and Harkness oil fields in Ness County Kansas. Colored polygons represent producing 
oil and gas fields in Ness County. The blue polygon represents the seismic survey that encompasses the Oppliger and 
Harkness oil fields being studied. (modified from kgs.ku.edu/oilgas, March 2016) 
BACKGROUND 
Study Area 
The 3D seismic and well log data used in this study were obtained from two 
producing fields (Oppliger and Harkness) located in north-central Ness County, Kansas 
(Figure 1). As of December 2015, 27 producing wells, 9 dry holes, and 8 injection wells 
have been drilled in the study area (Kansas Geological Survey, 2016). Data show that 
cumulative production amounts to 233,981 barrels of oil to date from three major 
reservoirs consisting of Mississippian carbonates, Pennsylvanian Cherokee sands, and 
Pennsylvanian Lansing-Kansas City Group deposits (Kansas Geological Survey, 2016).  
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Geologic History 
Structural History. Directly east-northeast of the study area lies the Central 
Kansas Uplift (CKU). The CKU is a large, positive subsurface structure that strikes in the 
northwest to south-southeast direction and is commonly associated with the Ouachita 
orogeny in post-Mississippian to mid-Pennsylvanian time (Berendsen and Blair, 1986). 
During the ongoing uplift of the CKU, Mississippian rocks were tilted and subsequently 
eroded due to changes in sea-level. The regression of sea-level formed a regional scale 
angular unconformity, which depicts older Osagean rocks to the east and younger 
Meramecian rocks to the west within the study area. During the deposition of 
Mississippian and Pennsylvanian rocks, the CKU created subtle anticlinal trap structures 
in the Hugoton Embayment.  
Stratigraphy and Depositional Environment. The Ordovician Arbuckle Group 
underlies the Mississippian and Pennsylvanian units, which are the focus of this study 
(Figure 2). Ordovician paleokarst structures control vertical fluid migration and 
production into Mississippian and Pennsylvanian reservoirs (Mazzullo, 1990; Lynch and 
Al-Shaieb, 1991; Holtz and Kerans, 1992; Dreiling, 2005). Franseen (1994) recognized 
the presence of karst dolomitization, brecciation, and fracturing that occurred during and 
post-deposition of this unit.  
During the Mississippian, a shallow seaway extended across the present-day 
North American continent in a north-south direction (Figure 3) (Newell et al., 1989). 
Mississippian sediments are grouped into three depositional environments collectively 
making up a carbonate ramp: 1) inner ramp 2) middle ramp/shelf margin, and 3) outer 
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Figure 2. Stratigraphic column of the study area with the highlighted stratigraphic intervals of importance in this 
study. The Illustrated Cherokee Group, Mississippian (Osagean) carbonates, and Arbuckle Group show typical 
stratigraphic features (channel incision and karstic topography) found in literature. These stratigraphic intervals are 
the focus for this study (Modified from Franseen et al., 2006). 
ramp/basin (Lane and Dekeyser, 1980; Handford, 1988; Watney et al., 2001; Koch et al., 
2014).  
 
 
 
 
 
 
 
 
 
 
According to Bhattacharya (2005), the dipping Mississippian strata were 
deposited on a shallow marine ramp environment in Ness County (Figure 3). In the study 
area, the Mississippian reservoir is cherty dolomite that went through transgressive-
regressive cycles with shallowing-upward carbonate successions as interpreted from well 
logs in the area (Witzke and Bunker, 1996; and Watney et al., 2001). 
After deposition of Mississippian carbonates, sea-level receded, resulting in the 
erosion of shallow marine deposits, which in turn created the Mississippian-
Pennsylvanian unconformity (Harris, 1985). During the Pennsylvanian, transgressive-
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Figure 3. Paleogeographic representation of the study area during the Late Mississippian. The red rectangle is where 
modern day Kansas is located and the black box shows the approximate location of the study area (modified from 
Blakey, 2013). 
regressive cycles continued. However, the depositional environment shifted to the near-
shore and on-shore, with shales, lenticular limestones, and channel sand deposits 
dominating the Pennsylvanian strata. Channels incised the upper Mississippian, resulting 
in the addition of nearly 80 feet of clastic sediment to the lower Cherokee interval 
(Walter et al., 1979). 
 
 
 
 
 
 
 
 
Seismic Characterization of Rocks 
 Seismic stratigraphy is used to define depositional sequences, such as onlap, 
downlap, toplap, and truncation associated with sea-level and stratigraphic changes 
(Mitchum et al., 1977). Depositional sequences produce distinct reflection patterns that 
can be associated with the depositional environment (Mitchum et al., 1977). In the Mid-
Continent, the Mississippian unconformity exhibits an erosional truncation along the 
CKU and can be seen in seismic and well logs. Analyzing seismic depositional sequences 
aid in the interpretation of seismic features (Posamentier and Kolla, 2003). 
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Seismic features include, but are not limited to, faults, phase changes, 
unconformity surfaces, structure, etc. These features can be interpreted by using seismic 
attributes which are defined as any measure of seismic data that helps the interpreter 
visualize, interpret, and quantify features of interest (Chopra and Marfurt, 2007). To 
further analyze such features, seismic attributes associated with geologic properties such 
as geologic boundaries, fluid effects, compaction tendencies, and geometric features are 
analyzed to evaluate the different structural and stratigraphic features. Attributes that can 
be used to analyze geologic properties include instantaneous attributes, geometric 
attributes, and volumetric attributes. 
Several seismic studies have been performed in Ness County to understand 
reservoir properties of the Mississippian carbonates. Nissen et al. (2006) and Nissen et al. 
(2009) performed a study using volumetric curvature to map fracture trends in the 
Mississippian reservoir located in Dickman field, Ness County, Kansas (Figure 4). The 
Nissen et al. (2006) study found a relationship between oil production and the distance to 
large interpreted lineaments where wells closer to large lineaments produced more water 
and wells drilled further from lineaments produced more oil and less water. Producing 
wells also exhibited increased production when penetrating interpreted karst platforms 
(Nissen et al., 2006). The implication of this study shows that volumetric curvature can 
be used to identify structural features as well as small scale anomalies, in this case 
fracture trends, within a stratigraphic interval. 
 In eastern-central Ness County, Kansas, reservoirs in the Cherokee Group are 
difficult to resolve using seismic due to similar densities and acoustic properties between 
the reservoir sands and underlying dolomitic chert (Raef et al., 2010). To enhance these 
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Figure 4. Locations of the Dickman and Wierman Seismic studies of Cherokee channel deposits. (modified from 
www.kgs.ku.edu/oilgas, March 2016) 
layers, several methods have been used to map the reservoir sands and their degree of 
compartmentalization (Raef et al., 2010). Raef et al. (2010) performed a study using root-
mean-squared (rms) amplitude differences to map compartmentalization in the Weirman 
field, Ness County, Kansas (Figure 4). Walls et. al (2002) used a similar approach by 
cross-analyzing amplitude changes, acoustic impedance, coherency, and porosity 
(derived from seismic). The results were displayed in a multi attribute window to map the 
Cherokee channel deposits. 
 
 
 
 
 
 
Hydrocarbon Potential 
The cumulative oil and gas production for Ness County, Kansas has increased 
(Appendix A) since first being discovered. There has been an increase between 2002 and 
2012, but within the last three years, production has been declining (Kansas Geological 
Survey, 2016). Mapping the heterogeneity of reservoir characteristics have been effective 
in the success of newly drilled wells. As production declines, new discoveries are needed 
to maintain production from the Mississippian and Cherokee reservoirs in the area.  
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METHODS 
Data Description 
Well logs come in Log ASCII Standard (LAS) format and consist of a suite of 
geophysical logs. Each log suite contained gamma ray (GR), caliper (Cal), neutron 
porosity (CNPOR), density porosity (DPOR), deep resistivity (RILD), medium resistivity 
(RILM), shallow resistivity (RLL3), RXO/RT, photo electric index (PE), spontaneous 
potential (SP), bulk density (RHOB), sonic porosity (SPOR), delta time (DT), and 
microlog 1.5 and 2.0 ohms. 
Well Log Analysis 
 Formation tops and lithostratigraphic units were picked by interpreting trends 
exhibited from gamma ray signature, photoelectric factor values, and bulk density values. 
To ensure accuracy of formation tops, geologic reports and completion cards were used 
to cross reference with manually picked formation tops. Understanding the stratigraphic 
succession narrowed down the entire log intervals to possible reservoir intervals. 
Formation tops were then used to construct structure maps of the Stone Coral, Fort Scott 
Limestone, Cherokee Group, and Mississippian carbonates (Appendix B). Structure maps 
gave an overall understanding of the field geometry. Calculated hydrocarbon saturation 
and petrophysical logs were used to identify expected heterogeneity between wells that 
encountered the Mississippian and Cherokee reservoirs (Franseen, 1996; and Franseen et 
al., 1998; Byrnes and Franseen, 2000; and Bhattacharya et al., 2005). Only wells with 
provided formation water resistivity (Rw) were used when calculating water saturation 
from Archie’s equation. 
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Lithofacies Analysis 
For this project, the 12 wells containing well logs (Albers 2-17, Albers 3-17, 
Albers 4-17, BLT 2-8, David 1-16x, David 2-16, Delaney 1, Flax B 1-10, Klitzke B 2-14, 
Siebenlist, Snodgrass 2-17, and Snodgrass 5-17) were analyzed to describe the lithofacies 
based on mineralogical and petrophysical properties. Mineralogical properties were 
analyzed by using three types of cross-plots; neutron porosity vs. density porosity (Figure 
5), photo electric vs. bulk density (Figure 6), and apparent matrix density vs. apparent 
photoelectric factor (RHOMAA vs. UMAA). CNPOR vs. DPOR was used because it is 
effective in visualizing plotted data in trends associated with mineralogy and porosity. 
Photo electric vs. bulk density was chosen as a proxy to determine the accuracy of the 
CNPOR vs. DPOR cross-plot because PE and RHOB values are associated with the 
densities of specific minerals. Neutron porosity vs. density porosity and photo electric vs. 
bulk density cross-plots were used to identify depth intervals with similar lithological 
characteristics, and RHOMAA vs. UMAA was used to identify trends in mineral 
composition of those previously stated intervals. 
Neutron porosity vs. density porosity plots are limited to intervals without gas 
saturation because gas saturation skews interpretation by increasing density porosity 
values, also known as the “hydrocarbon effect” (Figure 5). When the density and neutron 
porosities are plotted against each other, gas influenced zones plot above the lithology 
overlay (Doveton, 1994). 
PE vs. RHOB plots the relationship between the average atomic number of the 
matrix and the bulk density of the formation (Figure 6). PE measures the average atomic 
number of the formation that correlates to specific lithologies while RHOB measures the 
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matrix density of the formation per unit area (g/cm3). The limitation of these two logs are 
that their vertical investigation interval is an average that can be skewed by thinly 
interbedded strata of different lithologies. RHOB can also be influenced by gas effects 
because formation gas has a much lighter density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Neutron porosity vs density porosity cross-plot chart with lithology and porosity overlay showing the trend 
and location of where data will plot with corresponding dolomite, limestone (calcite), and sandstone (silica). Other 
lithologies such as salt and anhydrite are also displayed on the neutron-density overlay. The presence of gas can skew 
the plotted data which is represented by the “approximate gas correction” arrow. 
Figure 6. Photo electric vs bulk density cross-plot chart with mineralogy and porosity overlay showing the trend and 
location of where data is expected to plot with corresponding dolomite, quartz, and calcite. Like the neutron-density 
cross-plot other minerals are displayed. 
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 RHOMAA vs. UMAA plots are limited to intervals with no heavy mineral trends 
and no gas saturation. Heavy minerals and gas saturation skew data to no longer plot on 
the ternary diagram. Heavy minerals cause matrix densities to plot off the overlay 
because of the mineralogy calibration of the logs used to calculate RHOMAA and 
UMAA. These intervals were analyzed to identify overall trends that exhibited a specific 
lithology or change in lithology. In order to collect this data, transformation equations, 
shown below, were used to manipulate bulk density, density porosity, neutron porosity, 
and photo electric index logs to calculate RHOMAA and UMAA logs (Doveton, 1994).  
  𝑈 = 𝑃𝐸 ∗ 𝑅ℎ𝑜𝐵 (1) 
  𝑅𝐻𝑂𝑚𝑎𝑎 =
𝑅ℎ𝑜𝐵−(𝑃ℎ𝑖𝑇∗𝑅ℎ𝑜𝐹)
1−𝑃ℎ𝑖𝑇
 (2) 
  𝑈𝑚𝑎𝑎 =
𝑈−(𝑃ℎ𝑖𝑇∗𝑈𝑓)
1−𝑃ℎ𝑖𝑇
 (3) 
In the above equations U is the volumetric pressure (constant), PhiT is the total 
porosity (fraction), RhoF is the fluid density of the formation fluids, and Uf is the fluid 
character of the flushed zone within the borehole environment (constant equal to 0.5 
barns/cc). Each cross-plot has a ternary diagram overlay that corresponds to 
lithology/mineralogy trends. These overlays are an industry standard published by 
Schlumberger (2009) (Figures 5, 6, and 7). After characterization of lithofacies intervals 
in each well, correlation over the study area was analyzed to understand their spatial 
distribution.  
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Figure 7. RHOMAA vs UMAA plot showing the ternary diagram chart used to analyze trends in mineralogy 
(Bhattacharya et al., 2005). This chart can also be used to approximate mineral composition of several other minerals 
seen on the overlay. Heavy minerals will plot data to the lower left corner of the diagram. The presence of gas will plot 
data in the top central direction indicated by the arrows above K-Feldspar point. Salt will plot in the far above the 
calcite end-member. Clay rich intervals will plot below the current ternary diagram to the left or right depending on 
the clay mineral. 
 
 
 
 
 
 
 
 
 
 
 
Seismic Analysis 
 The 3D seismic survey was analyzed and interpreted using IHS Kingdom 
Advanced version 2015.0. Density and sonic data were integrated to produce a time-
depth chart. The time-depth chart was then used to generate a synthetic seismogram in 
order to pick horizons associated with of formation tops and reservoirs. The synthetic 
seismogram was manipulated to match the generated trace with raw trace data taken from 
the 3D seismic survey. Several horizons were then picked including: Arbuckle, Gilmore 
City, Mississippian, Pawnee Limestone, Marmaton Group, Lansing, Kansas City, and the 
Stone Coral. 3D Flex Picker was used to pick the Lansing-Kansas City, Marmaton 
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Group, and Stone Coral (Appendix C). The Arbuckle, Gilmore City, and Fort Scott used 
the 3D Flex Picker and were then edited based on interpreted faults (Appendix C). 
Several time-structure maps were then generated to understand the overall geometry of 
the two oil fields and the associated reflection time of producing reservoirs.  
 Several geometric attributes were extracted to characterize structural and channel 
features. The purpose of analyzing geometric attributes was to identify production 
controls effecting the Mississippian and Cherokee Group reservoirs in the study area. The 
attributes generated and analyzed in this study consisted of Amplitude, Time, Event 
Continuity, Similarity (Coherence), Instantaneous Dip, Instantaneous Lateral Continuity, 
and Isochrons (Chopra and Marfurt, 2007). Amplitude is an attribute associated with the 
wavelet response when energy travels through a medium. Time is associated with the 
travel time of a seismic wave. Event Continuity is a horizon attribute that measures the 
continuity of positive and negative reflectors between adjacent traces. Coherence is also a 
horizon attribute that measures the similarity between adjacent traces that can be 
measured at a specific time or reflector horizon (Chopra and Marfurt, 2007). 
Instantaneous Dip is an attribute that measures the dip angle (degrees) of a reflector 
between adjacent traces (Chopra and Marfurt, 2007). Instantaneous Lateral Continuity 
measures the curvature (or change in curvature) of a reflector along a horizon or time-
slice (Al-Dossary and Marfurt, 2006). 
  
16 
 
 
 
  RESULTS AND INTEPRETATION 
Well log and Seismic Analysis 
Well logs are used to evaluate stratigraphy, formation properties, and structure 
when analyzed with other logs in close proximity (Doveton, 1994). Log evaluation can be 
both quantitative and qualitative. An example of a quantitative analysis would be 
evaluating densities recorded by the logging tool. An example of qualitative analysis 
would be identifying trends in numerical values plotted against one another. In this study, 
log curve analysis of the study interval focus on quantitative and qualitative analyses. 
Seismic data is analyzed to identify and interpret the geophysical changes 
associated with subsurface structure of strata, stratigraphy, depositional geometries, and 
the presence of different fluids (Chopra and Marfurt, 2005). Like well logs, seismic can 
be analyzed quantitatively and qualitatively. An example of a quantitative analysis would 
be measuring velocity changes associated with different fluids contained in the strata. An 
example of qualitative analysis would be using geometric attributes to correlate log data 
with seismic reflector geometries. 
 Mississippian: Log Curve Analysis. Gamma ray values in the Mississippian 
interval were “clean” ranging between 10-30 API. Density values were within the silica 
dominated lithologies (2.2 to 2.6 g/cm3), photo electric values were within the silica and 
carbonate dominated lithologies (2 to 3.2 barns/e-), and porosity values ranged between 2 
to 33%. The spread between the previously stated logs and associated values allowed for 
classification of three different lithostratigraphic units. Lithostratigraphic unit 1 (the 
shallowest) had a density of 2.4 g/cm3 (+/- 0.1 g/cm3), PE range of 2 to 3 barns/e-, and 
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porosity of 18 % (+/- 1) (Appendix D). Lithostratigraphic unit 2 had a density of about 
2.2 g/cm3, PE of approximately 2 barns/e-, and porosity of 19% (+/- 1) (Appendix D). 
Lithostratigraphic unit 3 (the deepest) had a density of 2.6 g/cm3, PE range between 3 to 
5 barns/e-, and porosity range between 2 to 9% (Appendix D). Lithologies in the 
Mississippian interval consist of Limestone, Dolomite, and Chert (Franseen, 1996; 
Franseen et al., 1998, Franseen, 2000; Goebel, 1968; Handford, 1988; Kosh, Frank, and 
Bulling, 2014; Montgomery et al., 1998; Rogers, 2001; and Watney, Guy, and Pyrnes, 
2001). Depending on the geographic location of the well and the depth of penetration, 
limestone may not be present in the log interpretation.  
Mississippian: Lithofacies Analysis. Based on the dominant mineral facies of 
the interval, lithofacies were classified into five main categories: 1) siliceous, 2) 
siliceous-calcitic, 3) siliceous-dolomitic, 4) calcareous, and 5) “mixed”. The 
Mississippian interval was dominated by Facies 1, 3, and 4 (Figure 8).  
Facies 1 is classified as a siliceous facies based on the curve analysis and the 
trend of data values plotted on the RHOMAA vs. UMAA cross-plot (Figure 8). 
Lithostratigraphic unit 1 consists of density and photo electric values that correspond to a 
silica dominated mineral composition and correlate to Facies 1. RHOMAA vs. UMAA 
data exhibit trends that are consistent with the curve analysis and plot near the 100% 
silica end-member of the RHOMAA vs. UMAA ternary diagram. Facies 3 is classified as 
a siliceous-dolomitic facies based on the curve analysis and trend of data values plotted 
on the RHOMAA vs. UMAA cross-plot. Photo electric values are approximately 2.5 to 3 
barns/e- indicating a dolomite lithology with a silica influence that corresponds to 
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Figure 8. RHOMAA vs UMAA cross-plot of the Mississippian interval for the Klitzke B-2 well. Facies 1 can be seen in the 
red oval near the silica end-member of the ternary diagram. Facies 3 can be seen in the purple oval between the silica 
and dolomite end-member. Facies 4 can be seen by the blue oval between the calcite and dolomite end-members. 
Depth was chosen for the z-axis to show how the facies are grouped with respect to depth. Facies 1 and 3 are present 
throughout the depth interval and Facies 4 is restricted to the middle of the depth interval. 
Lithostratigraphic unit 2. The RHOMAA vs. UMAA data exhibits trends consistent with 
the curve analysis and  
 
 
 
 
 
 
 
 
 
 
 
plot in between 20 to 80 % dolomite and silica members of the ternary diagram.  Facies 4 
is classified as a calcareous facies based on the curve analysis and trend of data values 
plotted on the RHOMAA vs. UMAA cross-plot. Photo electric and density values of 
lithostratigraphic unit 3 correspond directly to the carbonate facies identified on the 
RHOMAA vs. UMAA cross-plot. Data within the Facies 4 interval plot between the 
dolomite and calcite end-members of the ternary diagram.  
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Facies 1 is observed in all boreholes and is the most common facies in the 
Mississippian interval. Figure 8 shows the distribution of data points associated with 
Facies 1 and 3. It also highlights the wells where the lithofacies are identified. Facies 1 
exhibits a gas effect in some wells, which skew mineral percentages (not seen in Figure 
8). It is also heterogeneous, containing discontinuous beds of pure silica at varying depth 
intervals. Facies 3 is the second most abundant facies. The thickness of Facies 3 varies 
based on the presence of Cherokee sand incision into the Mississippian carbonates. 
Facies 4 is the least prominent, only being described in 3 of the 12 boreholes within the 
Mississippian interval. This is due to the TD of the wells. The main parameter defining 
this facies is the low porosity (1-5%) and very high resistivity. Several subfacies can be 
interpreted in Facies 4 based on the interbedded nature of mineralogical changes when 
depth is plotted on the z-axis. 
 
 
 
 
 
 
 
Figure 9. Well log with gamma ray (track 1), porosity (track 2), and resistivity (track 3) highlighting Facies 4 and the 
effect that low porosity has on resistivity. This figure also shows the three wells where this facies was encountered 
(represented by green points). 
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Mississippian: Seismic Analysis. A synthetic seismogram is generated using the 
interval transit time (DT) log and bulk density log for Snodgrass 5-17 well (Figure 10). 
Adjustments, on a magnitude of 0.005s are made to tie the synthetic to the seismic trace 
closest to the well, and match seismic time records to well depth from predetermined 
formation tops. This is an important step in identifying the Cherokee Group and 
Mississippian carbonates interval. Without generating the synthetic seismogram, analysis 
of the studied interval would be inaccurate. According to the synthetic seismogram 
generated from Snodgrass 5-17, the Mississippian interval reflector occurs at 0.83 
seconds. However, the reflector is inconsistent through the seismic survey therefore the 
Gilmore City reflector is used for structure analysis (indicated by the blue horizon in 
Figure 10). 
 
 
 
 
 
Time-Structure and Trap. Time-structure maps are generated after picking 
horizons for the entire 3D survey. The Mississippian time-structure map (Figure 11) 
ranged from 0.807 to 0.855 seconds TWT. An apparent structural high is observed in 
section 17 (Figure 10). Another noticeable structural high is observed in the southeast 
Figure 10. Synthetic seismogram was generated for the Snodgrass 5-17 well that ties the seismic time to formation 
tops depths associated with that well. This synthetic was used to pick the horizons across the survey area and defines 
the time window of the reservoirs. The insert map at the top right corner shows the crossline (red and blue line) that 
the display represents. 
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Saddle 
corner of section 5 (Figure 11). A clear structural low is observed in the northwestern 
portion of the survey area and in the southeastern portion of the study area. The two 
structural highs strike in the north to south-southwest direction with a saddle feature 
separating them (Figure 11). Structural lows flank the anticline structure on the western 
and eastern limbs. A large fault is observed in this time-structure map cross-cutting from 
below the interpreted Mississippian (Gilmore City) horizon through the Pawnee horizon 
extending from the northern part of the survey area to the southwestern part of the survey 
area and is easily traceable on the Mississippian horizon (Figure 12). This fault is also 
interpreted using dip of max similarity and coherency horizon slices based on the time-
shift of the Mississippian reflector where the fault intersects (Figure 16).  
 
 
 
 
 
 
 
 
 
Warm colors on the dip of max similarity map represent areas of increased reflector dip 
that can be associated with the time-shift of a reflector. The fault is interpreted on the 
Figure 11. Time-structure map of the Gilmore City (Mississippian) Horizon. Warm colors represent structural highs and 
cold colors represent structural lows. A saddle feature is identified, separating the Oppliger and Harkness oil fields. 
22 
 
 
SE                         NW 
Figure 12. Crossline (cross section) showing the large reverse fault (yellow) interpreted crosscutting the Mississippian 
horizons with an arrow showing the direction of the headwall movement. The Mississippian horizons are highlighted 
by the green box to the northwestern extent of the crossline. A map is provided in the upper right corner showing the 
location of the crossline. The perspective of the crossline is from the northeastern corner, looking to the southwest. 
coherency map based on the low degree of similarity between adjacent traces where the 
fault intersects.  
 
 
 
 
 
 
 
 
When well data are added to the time-structure maps, there is a correlation 
between wells producing from the Mississippian carbonates and the anticline features. 
Analyzing time-structure is important in understanding the geometry of the hydrocarbon 
trap and associated conventional oil production. Without understanding the subsurface 
structure, an effective analysis of seismic properties may not yield successful results 
when exploring for hydrocarbons. 
 Cherokee Group: Well log Analysis. Gamma ray values in the Cherokee Group 
interval have a large range between clean values as low as 20 API and dirty values as 
high as 175 API (Appendix D). Like the gamma ray values, density and photo electric log 
have a wide range of values. Density values are within the range of common minerals in 
sedimentary rocks such as silica and calcite. Photoelectric values in the Cherokee Group 
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interval are within the interpreted sandstone and shale lithology range of 1.8 to 2.4. 
barns/e- and within the interpreted limestone lithology of 5 barns/e- (Appendix D). The 
spread between gamma ray, density, and photo electric values allow for the identification 
of three dominant lithologies: sandstone, shale, and limestone. However, only four of the 
twelve wells contain sandstone deposits while the remaining eight only contained beds of 
limestone and shale. The sandstone encountered in four wells occurred within close 
geographic proximity to each other and is approximately 80 feet thick at the base of the 
Cherokee Group interval. Another distinctive log property seen in the interpreted 
sandstone unit is the density porosity and neutron porosity values were between 5% and 
20% respectively. The spread between density and neutron porosity values, as well as 
neutron porosity values being greater than density porosity values indicate the presence 
of hydrocarbons within the sandstone deposit (Gaymard and Poupon, 1968). 
 Cherokee Group: Lithofacies Analysis. The Cherokee Group interval consisted 
of Facies 1, 2, 4, and 5. Facies 1 within the Cherokee Group consists of density and photo 
electric values that correspond to silica dominated mineral composition, like in the 
Mississippian interval.  
Facies 1 is only identified in 4 of the 12 wells with well logs. Based on the 
RHOMAA vs. UMAA ternary diagram and cross-plot, Facies 1 is influenced by the 
presence of hydrocarbons in the interval. This results in data values plotting near the 
silica end-member and above the ternary diagram (Figure 13 and 14). Facies 2 consists of 
density values between 2.2 to 2.6 g/cm3 and photo electric values between 2 to 5 barns/e- 
indicating siliceous and calcitic mineralogy (Appendix D). RHOMAA vs. UMAA clearly 
show Facies 2 when data plots on the upper part of the ternary diagram between the silica 
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and calcitic end-members (Figure 14). When adding depth as the z-axis, data values 
rapidly change between the silica and calcite end-member indicating the thinly bedded 
characteristic of Facies 2 (Figure 14). 
Facies 4 is very distinct in the curve analysis and RHOMAA vs. UMAAA cross-
plot. Data values plot between the dolomite and calcite end-member and generally consist 
of thicker deposits when depth is added to the z-axis. Facies 5 is characterized as “mixed” 
due to the variety of characteristics. Two main characteristics defining Facies 5 include 
high gamma ray values between 75 to 150 API (Figure 13) and data values plotting 
below the ternary diagram (Figure 14). Several explanations are attributed to values 
Figure 13. RHOMAA vs. UMAA cross-plot of Facies 1 and 5 within the Cherokee Group. Facie 1 is seen at the silica end-
member and occurs at the base of the Cherokee Group. Facies 5 in this case is defined by the increase in gamma ray 
(indicated by the warm colored data points. In the top right corner of the plot is a map highlighting the wells that 
encountered Facies 1 at the base of the Cherokee Group. 
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plotting below the ternary diagram in the RHOMAA vs. UMAA cross-plot, including the 
presence of clays such as illite, and the presence of heavy minerals (Doveton, 1994). In 
this study area, all three characteristics defining Facies 5 are common within the 
Cherokee Group (Doveton, 2004). 
Stratigraphic distribution of facies in the Cherokee Group correlate from well to 
well, excluding Facies 1 and 5. Facies 1 occurs in 4 of the 12 wells at the bottom of the 
Cherokee Group. Facies 2 occurs in every well in two stratigraphic intervals, above 
Facies 1 and at the beginning of the Cherokee Group (Appendix D). Facies 4 also occurs 
in every well at the top of the Cherokee Group interval, below Facies 2 (APPENDIX D). 
Figure 14. RHOMAA vs. UMAA showing the distribution of facies within the Cherokee Group. It also shows how the 
hydrocarbon effect can cause the data values to plot above the ternary diagram and how heavy minerals pull data 
values below the ternary diagram to the bottom left corner. It is important to note that the presence of gas and heavy 
minerals can skew the general facies interpretations when using this cross-plot. There is also an insert map showing 
the well locations that contained these facies within the Cherokee Group. 
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Lastly, Facies 5 is irregular and occurs in different depth intervals with high gamma ray 
values (shale deposits) in every well. These facies can be seen figure 14. Appendix D is a 
cross-section of Snodgrass 5-17, David 1-16x, and Delaney 1 showing the stratigraphic 
intervals of facies present in the Cherokee Group interval. 
Cherokee Group: Reservoir Characteristics. Well log analysis and facies 
analysis of the Cherokee Group interval is important for identifying possible reservoirs. 
From the interpretation of the Cherokee Group interval there are several possible 
reservoirs. Facies 1 and 4 are low gamma ray units with densities and RHOMAA vs. 
UMAA interpretations of typical reservoir lithologies (sandstone and 
limestone/dolomite). However, Facies 4 exhibits porosities between 1 to 10 percent, often 
considered as poor porosity due to the probability of effective permeability being too low 
for fluids to travel to the borehole. While Facies 4 has low permeability, Facies 1 has a 
more favorable porosity with percentages ranging between 10 to 22 percent. 
Another indicator of favorable reservoir characteristics is the increase in deep 
resistivity. Typically, high resistivity values in a low gamma ray rock unit indicate the 
presence of hydrocarbons. To further support the interpreted fluid type, the density and 
neutron porosity cross over (density porosity > neutron porosity), otherwise known as the 
“hydrocarbon effect”, can indicate the presence of hydrocarbons (Gaymard and Poupon, 
1968). 
Cherokee Group: Seismic Analysis. As stated in the Mississippian Seismic 
Analysis section, a synthetic seismogram is generated for the Snodgrass 5-17 well with 
adjustments made to more accurately tie the generated synthetic to the processed seismic 
traces intersecting the well. According to the synthetic seismic trace, the Cherokee Group 
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occurs at 0.8 seconds. However, there is no consistent reflector within the Cherokee 
Group interval. Therefore, the Pawnee Limestone reflector is picked in order to analyze 
time-structure (indicated by the green horizon in figure 10). 
 Time-Structure and Trap. The Cherokee/Pawnee time-structure map (Figure 15) 
ranged from 0.775 to 0.820 seconds TWT. Similar to the Mississippian time-structure 
map, the Cherokee group has an apparent structural high in the southeast corner of 
section 5 and the southwest corner of section 4 (Figure 15). A more prominent structural 
high is observed in the south-central portion of the survey area. The northern structural 
high strikes from the north to south-southwest direction and the south-central area having 
a dome geometry with a saddle feature separating them (Figure 15). A structural low is 
observed in the northwestern portion and in the southeastern portion of the study area 
(Figure 15). Structural lows flank the anticline structure, with the western limb of the 
Figure 15. Time-Structure map of the Pawnee Horizon that represents the Cherokee Group. Warm colors indicate the 
areas of structural highs and cold areas indicate the areas of structural lows. The “saddle” is indicated by the white 
arrow and is located on the eastern portion of section 8.
Saddle 
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anticline steep and the eastern limb having a shallow dip. The northern structural high is 
also smaller in area and the southcentral structural high is broader.  
Like in the Mississippian seismic analysis, a large fault cross-cuts the 
Cherokee/Pawnee horizon, extending from the northern part of the survey area to the 
southwestern part of the survey area (Figure 16). This interpreted fault is also seen using 
dip of max similarity and coherency horizon and time slices. Warm colors on the dip of 
max similarity map represent areas of increased reflector dip that is associated with the 
time-shift of reflector between adjacent traces (Figure 16a). The fault is interpreted on the 
coherency map based on the low degree of similarity between a group of adjacent traces 
where the fault cross-cuts the time and/or horizon slice (Figure 16b). 
Reservoir Channel Mapping. Isochrons are time-thickness maps used to analyze 
depositional changes in strata as they relate to depth thickness. Several isochrons are 
Seconds 
Saddle 
Degree 
of 
Similarity 
A B 
Figure 16. Dip of max similarity (A) and coherency (B) highlighting the large reverse fault that crosscuts the Cherokee 
Group. Large dips are indicated through warm colors and a red oval highlights the sudden change in reflector dip 
where the fault is on figure 16a. For B, white represents low similarity between a group of adjacent traces. A red oval 
also represents the linear feature interprted as a fault on figure 16b. 
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computed to determine the change in strata thickness (time). Isochrons are generated for 
the Anhydrite-Gilmore City, Marmaton-Mississippian, and the Pawnee-Gilmore City 
intervals in order to identify possible areas of reservoir channel deposition. These 
intervals were selected based on two criteria: 1) easily mappable horizons across the 
study area and 2) horizons bounding the expected reservoir channel within the Cherokee 
Group. 
The Anhydrite-Gilmore City isochron show a thickness ranging from 0.412 to 
0.459 seconds TWT (Figure 17a). Thinning in the TWT thickness corresponds to the 
structural high areas observed in the formation top data and thins farther from the crest of 
the anticline structure. In the southeastern section of the study area there are areas of 
apparent thickening between 0.058 and 0.063 seconds (represented by warm colors), 
indicating the possibility of differential compaction associated with channel sediment 
deposition (Behrensmeyer and Tauxe, 1982). 
The Marmaton-Mississippian isochron ranges from 0.035 to 0.063 seconds TWT 
thickness (figure 17b). Like the Anhydrite-Gilmore City isochron, there is an increase in 
TWT thickness in the south-eastern portion of the study area. The thickening is more 
apparent with time-thickness values ranging between 0.450 and 0.459 seconds. As 
previously stated in the Anhydrite-Gilmore City isochron, this may indicate a possible 
channel deposit and will be further investigated in the “Seismic Attributes” section. 
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Figure 17. Isochrons between the Anhydrite-Gilmore City horizons (A) and the Marmaton-Mississippian horizons (B). 
Cold colors indicate ischron thinning and warm colors indicate isochron thickening. In both figures, there are 
similarities between areas of thickening and thinning. On isochron A, thinning is relatively located in the same place 
with similar coverage. However, in the thickening areas, a larger feature is observed in isochron B that is more 
restricted to the reservoir interval. 
A B 
Figure 18. Pawnee-Gilmore City isochron map where green and light blue represent thinning and orange and yellow 
indicate thickening. Two linear features are highlighted as possible areas of channel deposition for further 
investigation. The suspected channel areas are labeled accordingly. 
1 
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3 
31 
 
 
 
The Pawnee-Gilmore City isochron ranged from 0.019 to 0.046 seconds’ 
thickness (Figure 18). Like the previous two isochrons, there is thinning near the crest of 
the structural highs and an increase in the southeastern-eastern portion of the study area. 
The increase of TWT thickness in the southeastern-eastern portion of the study area 
exhibits two linear features that may be associated with differential compaction of river 
deposits in the Cherokee Group interval (Figure 18) and will be further investigated in the 
“Seismic Attributes” section. 
Seismic Attributes. Based on the isochron maps in the previous section, three 
suspected reservoir channel deposits are interpreted. The suspected channels are seen in 
Figure 18 and labeled accordingly. Dip of max similarity, coherency, and instantaneous 
lateral continuity are now used to further investigate these suspected reservoir channel 
deposits. In order to efficiently analyze the seismic attributes, the time window between 
the Pawnee and Arbuckle horizons is analyzed. 
According to Franseen (2000), the Arbuckle Group consists of carbonates that 
often exhibit karst-like topography and may affect the deposition of sediment in 
overlying strata. Dip of max similarity and coherency extracted from the Arbuckle 
Horizon show circular, semi-circular, and chaotic patterns, geometries similar to modern-
day karst features (Franseen, 2000). These features are shown in the dip of maximum 
similarity (Figure 19a) and coherency (Figure 19b) analyses of the Arbuckle horizon. 
Within the suspected time-window of the Cherokee Group reservoir channel 
deposits, reflectors are discontinuous and untraceable through the extent of the survey.  
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Dip  Degree 
of 
Similarity 
Figure 19. Dip of max similarity (A) and coherency (B) extracted along the Arbuckle Horizon showing circular, semi-
circular, and chaotic features that are interpreted as karst features often seen in the Arbuckle Group. Black and dark 
grey in dip of max similarity (A) represent areas of greater dip and white represents areas of low similarity in 
coherency (B).  Dip of max similarity (A) highlights subtler circular features. 
A B  
 
 
 
 
 
 
 
To investigate the suspected reservoir channel deposits, a duplicate horizon is 
made from the Gilmore City and shifted into the reservoir time window so seismic 
attributes can be extracted to analyze stratigraphic changes. As previously stated in the 
“Seismic Analysis” subsection of the Background, event continuity and instantaneous 
lateral continuity can be used to identify lateral or stratigraphic changes associated with 
the change in reflector geometries. When extracted on the duplicate horizon, event 
continuity shows two areas of continuous negative amplitude, corresponding to suspect 
channel areas 1 and 3 (Figure 20a). They exhibit a low sinuosity and meandering channel 
geometry often seen in modern-day river systems  
Instantaneous lateral continuity on the same shifted horizon shows a chaotic 
response due to the chaotic reflections within the reservoir interval (Figure 20b). 
However, wells containing sand deposition (interpretation from “Cherokee Group: Well 
Log Analysis” section) were within a channel like trend observed in the extracted 
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Figure 20. Event continuity (A) extracted from the horizon shifted into the reservoir time interval. Warm colors indicate 
continuous positive reflections. Cold colors indicate continuous negative reflections. Green indicates no continuous 
reflections between adjacent traces. Two channel like trends are identified from continuous negative reflections and 
are highlighted by red lines. Instantaneous lateral continuity (B) extracted from the shifted reservoir horizon. Cold 
colors indicate increased curvature between adjacent traces and warm colors indicate low or no curvature. The 
interpreted channel area number 3 from ischron mapping and event continuity have a similar geometry with wells 
that encounter thick sand deposits. The interpreted channel was divided into 6 sections based on subtle changes in 
instantaneous lateral continuity that correlate to the wells with similar or different DST results. 
2 
3 
A B 
instantaneous lateral continuity. This trend did exhibit discontinuous features 
perpendicular to the interpreted channel trend within the suspected channel area number 3 
(depicted on Figure 20). DST results for wells located in suspected channel area number 
3 vary. Each well and its associated DST are located with areas of the interpreted channel 
trend that are separated by the previously stated discontinuities observed in the 
instantaneous lateral continuity. 
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DISCUSSION 
Mississippian Interval. According to the Kansas Geological Survey, 2016, the 
main target reservoir in Ness County is the Mississippian carbonates. In this study the 
well log and facies analysis indicate the presence of carbonates while the dominant 
mineral is silica near the top of the Mississippian interval (Appendix D). As stated in the 
“Background” section, the carbonates in the Mississippian interval in western Kansas 
have a high silica content due to diagenesis that resulted in the formation of chert. 
Therefore, the well log and facies interpretation are accurate. The high silica facies also 
are suspected to be the producing facies within the Mississippian interval because they 
exhibit higher porosity values and show density-neutron cross-over associated with the 
presence of hydrocarbons. Although an increase in resistivity within Facies 4 may be 
interpreted as a potential reservoir, its resistivity values are being skewed due to the low 
porosity. Structurally, the main anticlinal features present the most probable area for 
accumulation of hydrocarbons, while the reverse fault on the western flank of the 
structure seals the fluids from traveling further west. This is confirmed from the number 
of producing wells drilled in structural high areas (Figure 22). 
 Cherokee Group Interval. In western Kansas, companies use differential 
compaction to target Pennsylvanian channel deposits. Areas of increased time-thickness 
may be attributed to the differential compaction of channel deposits surrounded by shales 
and other lithologies. However, isochron maps being interpreted to target channel 
deposits may be inaccurate due to the difficulty in tracing the Mississippian horizon 
across a seismic survey and other diagenetic processes occurring in underlying strata. 
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Therefore, integrating well log data, isochrons, and geometric seismic attributes are 
important for a more accurate and confident interpretation of reservoir extent.  
As stated in the “Results and Interpretation” section, after characterizing the 
different facies within the Cherokee Group interval and interpreting the channel sand 
body seen in the Snodgrass 5-17, David 2-16, and David 1-16X wells, the interpreter can 
apply geometric seismic attributes to look for trends that are associated with the 
stratigraphic changes within the expected reservoir time interval. First, isochrons showed 
three areas of suspected channel deposition based on increased time thickness between 
the Pawnee Horizon and the Gilmore City Horizon. At first, these three areas exhibited a 
meandering and/or low sinuosity geometry commonly seen in modern-day channel 
system. However, extracting dip of max similarity and coherency from underlying strata 
horizons showed semi-circular, circular, and chaotic features that were interpreted as 
karst collapse features. When the isochron was overlain on the coherency and dip of max 
similarity maps, a direct correlation between areas of increased time thickness and area of 
interpreted collapse features were apparent, resulting in the interpretation that the karst 
collapse features influenced the deposition of sediment in overlying rock by creating 
more accommodation space for sediment to accumulate (Figure 22). This led to the 
elimination of area 1 as a suspected channel deposit. 
 Investigating suspected channel areas 2 and 3 involved shifting the Gilmore City 
horizon into the suspected channel time window and extracting event continuity and 
instantaneous lateral continuity from the shifted horizon. The importance of this is that 
shifting the horizon into the time interval will yield maps that can be used for lateral 
changes in the seismic volume. Event continuity exhibited two channel-like geometry 
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Figure 21. To relate the instantaneous lateral continuity attribute and the geology of the lower Cherokee group, this 
model shows differential compaction and incision of the channel sands into another medium and how the attribute 
may respond when being calculated. In the seismic data, the shifted horizon is represented by the red line and then 
instantaneous lateral continuity is extracted along the subsequent horizon. The produced map shows where a reflector 
changes its curvature (blue lines) along that horizon. This diagram represents the interpretation of the channel 
deposition by the change in curvature of the boundaries between the Cherokee channel deposits and surrounding 
sediments. 
trends seen in areas 2 and 3. Area 2 had one well that encountered a very thin sand within 
the Cherokee Group but was structurally lower than the producing areas within the study 
area. Area 3 consisted of a continuous negative reflector channel-like trend with the 
Cherokee sand producing wells, further increasing the confidence of mapping the 
location of the channel deposit. Lastly, instantaneous lateral continuity was used to look 
for sudden curvature changes in reflectors along the shifted horizon. The theory behind 
this interpretation is that within a channel cross-section, the curving boundary created by 
the erosion of the channel and differential compaction of the channel sediment would 
create a subtle change in curvature at the boundaries of the channel deposits (Figure 21). 
After extracting instantaneous lateral continuity on the same shifted horizon, a channel-
like trend was also observed in suspected channel area number 3. Event continuity, 
instantaneous lateral continuity, and the Pawnee-Gilmore City horizon were overlain on 
one another and showed a very similar channel-like geometry where each trend was 
previously identified. 
 
 
 
 
 
 
 
 
 
Shifted Horizon 
37 
 
 
Figure 22. This figure is the culmination of all the features influencing production in the study area. The base structural 
contour map is of the Mississippian top with a contour interval of 10 feet. The majority of the producing wells are 
located on the structural highs. The N-S striking reverse fault interpreted from the seismic data also acts as a trap on 
the resulting double plunging anticline. There are also polygons labeled as “Cherokee Channel” and “Arbuckle Karst”. 
As stated in the “Results and Interpretation” and “Discussion” sections, the Cherokee channel reservoir produces in 
four wells. Typically, these reservoirs are targeted using isochrons to identify areas of increased time-thickness 
associated with differential compaction of the sands. However, analysis of coherency and dip of max similarity showed 
interpreted karst features (blue polygons) that spatially correlate to areas of isochron thickening. 
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CONCLUSIONS 
 Structural features are the important factors affecting Mississippian production in 
the study area. Large faults and anticlinal structures control hydrocarbon production, 
allowing hydrocarbons to accumulate along sealing faults and structural highs. The 
western reverse fault is the dominant structural seal on the western side of the study area 
and was formed during deformation of the subsurface, whereas smaller faults in the study 
area formed as a result of karst collapse in the Arbuckle Group. 
 Lithofacies identification was the second significant factor in determining 
hydrocarbon-bearing strata. There was a direct correlation to oil-bearing strata and 
productive reservoir properties within the siliceous facies (Facies 1) in the Mississippian 
interval and lower Cherokee interval. Although the facies was deposited in two different 
environments, the highly fractured nature of the Mississippian interval and overlying 
seals of the Cherokee interval provided adequate reservoir characteristics and trapping 
mechanism. 
 Using seismic data to map Cherokee channel reservoir deposition was the last 
important factor influencing production in the Oppliger and Harkness oil fields. Data 
quality and resolution limitations hindered the ability to use conventional seismic 
analyses in mapping Cherokee channel deposition. However, integrating isochron 
analysis with instantaneous lateral continuity, event continuity, and dip of max similarity 
provided a workflow to interpret deposition of the Cherokee channel reservoir more 
accurately. 
  
39 
 
 
 
REFERENCES 
Al-Dossary, S., and K. J. Marfurt, 2006, 3-D volumetric multispectral estimates of 
reflector curvature and rotation: Geophysics, v. 71, p. 41-51. 
Anstey, N., 2005, Attributes in color: the early years: CSEG Recorder, v. 30, p. 12-15. 
Balch, A. H., 1972, Color Sonograms: a new dimension in seismic data interpretation: 
Geophysics, v. 36, p. 1074-1098. 
Behrensmeyer, A. K., and L. Tauxe, 1982, Isochronous fluvial systems in Miocene 
deposits of Northern Pakistan: the journal of the International Associate of 
Sedimentologists, v. 29, no. 3, p. 331-352. 
Berendsen P. and K. P. Blair, 1986, Subsurface structural maps over the Central North 
American rift system (CNARS), central Kansas, with discussion: Subsurface 
Geology Series 8, p. 1-15. 
Bhattacharya, S., J. Doveton, T. Carr, W. Guy and P. Gerlach, 2005, Integrated core-log 
petrofacies analysis in the construction of a reservoir geomodel: A case study of a 
mature Mississippian carbonate reservoir using limited data: AAPG Bulletin, v. 
89, no. 10, p. 1257-1274. 
Byrnes, A. P. and E. K. Franseen, 2000, Lithofacies and early diagenetic controls on 
reservoir properties in a complexly overprinted carbonate ramp system; 
Mississippian Schaben field, Ness Co., Kansas: 2000 American Association of 
Petroleum Geologists Annual Convention Official Program, New Orleans, p. 
A21-22. 
40 
 
 
 
Chopra, S., and K. J. Marfurt, 2005, Seismic attributes – A historical perspective: 
Geophysics, v. 70, no. 5, p. 3SO-28SO. 
Chopra, S., and K. J. Marfurt, 2007, Volumetric curvature attributes add value to 3D 
seismic data interpretation: The Leading Edge, 26, p. 856-867. 
Chopra, S., and K. J. Marfurt, 2010, Integration of coherence and volumetric curvature 
images: The Leading Edge, 29, p. 1092-1107. 
Cuzella, J. J. and C. P. Gough, 1991, Depositional environment and facies analysis of the 
Cherokee Group in west-central Kansas: Society of Sedimentary Geology, Mixed 
Carbonate-Siliclastic Sequences (CW 15), p. 273-307. 
Doveton, J. H., 1994, Graphical techniques for the analysis and display of logging 
information: Chapter 2: Geologic Log Analysis using Computer Methods, p. 23-
46. 
Doveton, J. H. and D. F. Merriam, 2004, Borehole petrophysical chemostratigraphy of 
Pennsylvanian black shales in the Kansas subsurface: Chemical Geology, v. 206, 
p. 249-258. 
Ferrill, D. A., and A. P. Morris, 2008, Fault zone deformation controlled by carbonate 
mechanical stratigraphy: AAPG Bulletin, v. 92, pg. 359-380. 
Forrest, M., 200, “Bright” investments paid off: AAPG Explorer, July, p. 18-21. 
Franseen, E. K., 1994, Facies and porosity relationships of Arbuckle Strata: initial 
observations from two cores, Rice and Rush counties, Kansas: Kansas Geological 
Survey, Open-File Rep. 94-53, p. 34. 
41 
 
 
 
Franseen, E. K., 1996, Depositional facies and diagenetic characteristics of Mississippian 
(Osagean) strata from the Schaben field, Ness County, Kansas: Kansas Geological 
Survey, Open-file Report 96-48, p. 43. 
Franseen, E. K., T. R. Carr, W. J. Guy, and S. D. Beaty, 1998, Significance of 
depositional and early diagenetic controls on architecture of a karstic-overprinted 
Mississippian (Osagian) reservoir, Schaben field, Ness County, Kansas: American 
Association of Petroleum Geologists, Annual Convention, Salt Lake City, 
Extended Abstracts, v. 1, p. A210, p. 1-4. 
Franseen, E. K., 2000, A review of Arbuckle Group strata in Kansas from a 
sedimentological perspective: insights for future research from past and recent 
studies: The Compass, Kansas Geological Survey, v. 7, no 2 & 3, p. 68-89. 
Franseen, E, K., 2006, Mississippian (Osagean) shallow-water, mid-latitude siliceous 
Sponge Spicule and Heterozoan carbonate facies: an example from Kansas with 
implications for regional controls and distribution of potential reservoir facies: 
Current Research in Earth Sciences Bulletin, v. 252, no. 1, p. 1-23. 
Gaymard, R and A. Poupon, 1968, Response of neutron and formation density logs in 
hydrocarbon bearing formations: Society of Petrophysicists and Well-Log 
Analysts: The Log Analyst, v. 9, no. 5. 
Gao, D., 2003, Volume texture extraction for 3D seismic visualization and interpretation: 
Geophysics, v. 68, no. 4. P 1294-1302. 
Goebel H. G., 1968, Stratigraphic succession in Kansas: Mississippian System, Kansas 
Geological Survey Bulletin 189. 
42 
 
 
 
Gulunay, N., 1999, Acquisition geometry footprints removal: 69th Annual International 
Meeting, SEG, Expanded Abstracts, p. 637-640. 
Haddad, S., M. Cribbs, R. Sagar, E. Viro, K. Castelijins, and Y. Tang, 2000, So what is 
the reservoir permeability?, Society of Petroleum Engineers, SPE Annual 
Technical Conference and Exhibition, p. 1-13. 
Handford, C. R., 1988, Review of carbonate sand-belt deposition of ooid grainstones and 
application to Mississippian reservoir, Damme Field, southwestern Kansas: 
AAPG Bulletin, v. 72, no. 10, p 1184-1199. 
Harris, J. W, 1985, Stratigraphy of the Cherokee Group of southeastern Kansas: Kansas 
Geological Survey, Subsurface Geology 6, p. 66-73.  
Hill, S. J., S. Chopra, and K. J. Marfurt, 2007, Seismic attributes for prospect 
identification and reservoir characterization: SEG Geophysical Developments 
Series, no. 11, p. 1-186. 
Holtz, M.H., and Kerans, C., 1992, Characterization and categorization of West Texas 
Ellenburger reservoirs: SEPM, Permian Basin Sect., no. 92-33, p. 45-58. 
Jewett, J. M., H. G. O’Connor and D. E. Zeller, 1968, Stratigraphic succession in Kansas: 
Pennsylvanian system, Kansas Geological Survey Bulletin 189. 
Kallweit, R. S., and L. C. Wood, 1982, The limits of resolution of zero-phase wavelets: 
Geophysics, v. 47, p. 1035-1046. 
Kerans, C., 1988, Karst-controlled reservoir heterogeneity in Ellenburger Group 
Carbonates of West Texas, AAPG Bulletin, v. 72, no. 10, p. 1160-1183. 
43 
 
 
 
Kosh, J. T., T. D. Frank and T. P., Bulling, 2014, Stable-isotope chemostratigraphy as a 
tool to correlate complex Mississippian marine carbonate facies of the Anadarko 
shelf, Oklahoma and Kansas: AAPG Bulletin, v. 98, no. 6, p 1071-1090. 
Liner, C., C.-F. Li, A. Gersztenkorn, and J. Smythe, 2004, SPICE: A new general seismic 
attribute: 72nd Annual International Meeting, SEG, Expanded Abstracts, p. 433-
436. 
Liu, Y., A. Harding, W. Abriel, and S. Strebelle, 2004, Multiple-point simulation 
integrating wells, three-dimensional seismic data, and geology: AAPG Bulletin, v. 
88, no. 7, p. 905-921. 
Loseth, H., M. Gading, and L. Wensaas, 2008, Hydrocarbon leakage interpreted on 
seismic data, Marine and Petrology Geology, v. 26, no. 7, p. 1304-1319. 
Marfurt, K. J., R. L. Kirlin, S. L. Farmer, and M. S. Bahorich, 1998, 3-D seismic 
attributes using a semblance-based coherency algorithm: Geophysics, v. 63, no. 4, 
p. 1150-1165. 
Marfurt, K. J., T. M. Alves, 2015, Pitfalls and limitations in seismic attribute 
interpretation of tectonic features: Interpretation, 3, p. SB5-SB15. 
Mazzullo, S. J., 1990, Karst-controlled reservoir heterogeneity in Ellenburger Group 
carbonates of West Texas: Discussion: AAPG Bulletin, v. 74, no. 8, p. 1119-
1123. 
44 
 
 
 
Moeck, I., H. Holl and H. Schandelmeier, 2006, 3D Lithofacies model building of 
Rotliegend sediments of the NE German Basin: AAPG Search and Discovery, 
article 30039. 
Newell, D., L. Watney, S. Cheng and R. Brownrigg, 1987, Stratigraphic and spatial 
distribution of oil and gas production in Kansas: Kansas Geological Survey, 
Subsurface Geology Series 9, p. 1-44. 
Newell, D., L. Watney, D. Steeples, R. Knapp and S. Cheng, 1989, Suitability of high-
resolution seismic method to identifying petroleum reservoirs in Kansas—a 
geological perspective: Kansas Geological Survey Bulletin 226, p. 9-29. 
Notle, R. A., and D. J. Benson, 1998, Silica diagenesis of Mississippian carbonates of 
northern Alabama: Gulf Coast Association of Geological Societies, Transactions, 
v. XLVIII, p. 301-310. 
Merriam, D. F., 1963, The geologic history of Kansas: Kansas Geological Survey 
Bulletin no. 162, p. 312. 
Merriam, D. F., 2006, Advances in the science and technology of finding and producing 
oil in Kansas: a critique: Oil-Industry History, v. 7, no. 1, p. 1. 
Mitchum, R. M., Jr., P. R. Vail, and S. Thompson, III, 1997, Seismic stratigraphy and 
global changes of sea level, part 2: the depositional sequence as a basic unit for 
stratigraphic analysis: AAPG Special Volumes, Seismic Stratigraphy—
Applications to Hydrocarbon Exploration, p. 53-62. 
45 
 
 
 
Mitchum, R. M., Jr., P. R. Vail, and J. B. Sangree, 1997, Seismic stratigraphy and global 
changes of sea level, part 6: stratigraphic interpretation of seismic reflection 
patterns in depositional sequences: AAPG Special Volumes, Seismic 
Stratigraphy—Applications to Hydrocarbon Exploration, p. 117-133. 
Montgomery, S. L., J. C. Mullarkey, M. W. Longman, W. M. Colleary, and J. P. Rogers, 
1998, Mississippian “chat” reservoirs, south Kansas: Low-resistivity pay in a 
complex chert reservoir: AAPG Bulletin, v. 82, p. 187-205. 
 
Partyka, G., J. Gridley, and J. Lopez, 1999, Interpretational applications of spectral 
decomposition in reservoir characterization: The Leading Edge, 18, p. 353-360. 
Posamentier, H. W., V. Kolla, 2003, Seismic geomorphology and stratigraphy of 
depositional elements in deep-water settings: Journal of Sedimentary Research, v. 
73, no. 3, p. 367-388. 
Raef A., M. Totten, C. Perdew, and M. Abbas, 2010, Seismic attributes analysis to 
outline channel facies and reveal heterogeneous reservoir stratigraphy: Weirman 
Field, Ness County, Kansas, USA, SEG Annual Meeting 2010, p. 1-5. 
Raef, A., F. Mattern, C. Philip, and M. W. Totten, 2015, 3D seismic attributes and well-
log facies analysis for prospect identification and evaluation: interpreted 
palaeoshoreline implications, Weirman Field, Kansas, USA: Journal of Petroleum 
Science and Engineering, v. 133, p. 40-51. 
Randen, T., E. Monsen, C. Signer, A. Abrahamsen, J. O. Hansen, T. Soeter, J. Schlaf, and 
L. Sonneland, 2000, Three-dimensional texture attributes for seismic data 
46 
 
 
 
analysis: 70th Annual International Meeting, SEG, Expanded Abstracts, p. 668-
671. 
Rascoe, B. Jr., 1962, Regional stratigraphic analysis of Pennsylvanian and Permian rocks 
in western mid-continent, Colorado, Kansas, Oklahoma, Texas: AAPG Bulletin, 
v. 46, no. 8, p. 1345-1370. 
Robertson, J. D., and H. H. Nogami, 1984, Complex seismic trace analysis of thin beds: 
Geophysics, v. 49, p. 344-352. 
Rogers, S. M., 2001, Deposition and diagenesis of Mississippian chat reservoirs, north-
central Oklahoma: AAPG Bulletin v. 85, p. 115-129. 
Schlumberger, 2009, Log Interpretation Charts, p. 208-249. 
Sullivan, E. C., K. J. Marfurt, A. Lacazette, and M. Ammerman, 2006, Application of 
new seismic attributes to collapse chimneys in the Fort Worth Basin: Geophysics, 
v. 4, no. 4, p. B111-B119 
Taner, M. T., F. Koehler, and R. E. Sheriff, 1979, Complex seismic trace analysis: 
Geophysics, v. 44, no. 6, p. 1041-1063 
Taner, M. T., J. S. Schuelke, R. O’Doherty, and E. Baysal, 1994, Seismic attributes 
revisited: 64th Annual International Meeting, SEG, Expanded Abstracts, p. 1104-
1106. 
Watney W. L., W. J. Guy, A. P. Byrnes, 2001, Characterization of the Mississippian chat 
in south-central Kansas: AAPG Bulletin, v. 85, no. 1, p. 85-113. 
Widess, M. B., 1973, How thin is a thin bed?: Geophysics, v. 38, no. 6, p. 1176-1180. 
47 
 
 
 
2016, Kansas Geological Survey, http://www.kgs.ku.edu/, (July 1, 2016). 
48 
 
 
 
Appendix A. Production data highlighting the increase in oil production during the re-emergence of the Mississippian 
play. However, a steady decrease in new production has happened due to several factors including, but not limited to 
the price of oil and the natural decline of well productivity. Table used from kgs.ku.edu, 2016) 
APPENDIX A 
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APPENDIX B 
 
Appendix B. Table consisting of the wells used to build structure maps of the key formation tops. Depth of formation 
tops are in feet and is measured depth. The kelly bushing was used as a depth reference. 
  
Stone Coral Heebner LKC Ft Scott Cherokee Cher Sand Mississippian
Anspaugh 1 (1513530333) 1714 3777 3812 4307 4396
Harkness 2 (1513530344) 3807 3841 4312 4419
Oppliger 2 (1513530407) 1740 3790 3830 4314 4405
Harkness /D/ (1513521975) 1766 3818 3853 4317 4420
Snodgrass 5-17 (1513525200) 1712 3770 3806 4294 4318 4403 4472
DD 1 (1513525376) 1691 3772 3807 4298 4322 4399
Klitzke 'B' 1-4 (1513524629) 1740 3789 3824 4300 4322 4401
Harkness D-1 (1513520114) 1752 3801 3836 4307 4328 4404
Oppliger 1 (151350037) 1765 3816 3850 4328 4422
Harkness D 2 (1513520355) 1763 3814 3843 4330 4417
Klitzke B 2-4 (1513525127) 1741 3804 3839 4310 4332 4411
David 1-16X (1513525239) 1727 3793 3834 4316 4338 4398 4458
Harkness 1 (1513530411) 3805 3840 4318 4338 4422
Albers 1-17 (1513524823) 1751 3802 4318 4340 4412
Harkness 3 (151352017) 1761 3810 3846 4322 4342 4431
Delaney 1 (1513525030) 1734 3800 3836 4324 4348 4425
Snodgrass 3-17 (1513525048) 1742 3806 3842 4326 4350 4440
Albers 1 (1513523936) 1740 3808 3844 4331 4352 4424
Oppliger 1 (1513520302) 1750 3805 3841 4327 4352 4426
Snodgrass 1 (1513521956) 1783 3834 3874 4352 4442 4448
Harkness 1 (1513522040) 3809 3844 4330 4353 4439
Snodgrass 1 (1513521776) 1749 3811 3846 4333 4356 4418
BLT 2-8 (1513524996) 1780 3825 3861 4358 4436
Oppliger 3 (1513520343) 1751 3813 3847 4333 4358 4406
Harkness 'A' (1513527394) 1762 3817 3856 4341 4360 4450
Snodgrass 1-17 (1513524678) 1772 3819 3852 4336 4360 4440
Snodgrass 2-17 (1513524984) 1750 3819 3852 4336 4360 4440
Horchem 1 (1513520167) 1781 3831 3866 4342 4363 4444
Albers 3-17 (1513525084) 1773 3825 3860 4340 4364 4438
Albers 4-17 (1513525201) 1773 3824 3861 4344 4366 4428
Sargent 1-15 (1513525524) 1754 3836 3872 4348 4367 4450
Fehrenbach Unit 1-21 (15315254330) 1713 3824 3863 4347 4369 4458
David 2-16 (1513525376) 1762 3826 3864 4350 4373 4426 4515
Albers 1 (1513520217) 1787 3851 3890 4374 4461 4472
Fehrenbach Trust 1-21 (1513525494) 1755 3830 3865 4354 4374 4432 4460
Albers 1-A (1513524145) 1755 3824 3860 4350 4375 4452
LAS Unit 1-17 (1513524722) 1781 3839 3870 4354 4377 4448
Albers 2-17 (1513525000) 1778 3839 3874 4386 4450 4489
Snodgrass 4-17 (1513525083) 1733 3794 4312 4386 4436 4485
Albers 1 (1513523583) 1772 3843 3880 4370 4394 4450 4476
Harkness /K/ (1513521880) 1785 4364 4439 4488
Snodgrass 1 (1513524678) 1811 3885 3930 4434 4456 4517 4545
BLT 1-8 (1513524611) 1788 3837 3871 4450
Everhart 1 (1513530010) 1762 3831 3866 4425
Formation Tops (MD - Feet)
Well Name
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Appendix C1. Stone Coral time-structure map. 
Appendix C2. Lansing-Kansas City Group time-structure map. 
APPENDIX C 
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Appendix C3. Marmaton Group time-structure map. 
Appendix C4. Fort Scott_Pawnee time-structure map. 
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Appendix C5. Mississippian time-structure map. 
Appendix C6. Arbuckle time-structure map. 
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